AbstrAct | Studies indicate that the anabolic nandrolone decanoate (Deca-Durabolin®) can modulate cell cycle regulation, but little is known about its effects on muscle cells. Anabolic steroids are used, especially by athletes, to improve muscle mass and performance in the practice of exercises. The aim of this study was to evaluate the effect of the anabolic Deca-Durabolin® on the proliferation of skeletal muscle precursor cells C2C12. Cells were grown in Dulbecco's Modified Eagle Medium (DMEM), being supplemented with 10% Fetal Bovine Serum (FBS) and subjected to differentiation by the addition of 2% horse serum. They were incubated with anabolic at concentrations of 5, 10, 25 and 50 µM. The groups that received no anabolic or vehicle served as controls. The viability (proliferation) was evaluated by the MTT method (3-[4,5-Dimethylthiazol-2yl]-2,5-diphenyltetrazolium bromide; Thiazolyl blue) after one, three and five days of incubation. Three independent experiments were performed in each of the mentioned conditions, and the results were submitted to statistical analysis with significance level of p≤0.05 (ANOVA/Dunnett). Results showed no difference in viability between muscle cells treated with anabolic and the control cultures in all parameters. In conclusion, nandrolone, at the used concentrations, was not able to alter the viability of muscle C2C12 satellite cells. Keywords | Anabolic; Athletes; Muscle Cells; Nandrolone; Cell Proliferation; Cell Differentiation.
Effects of nandrolone decanoate on the viability of muscle satellite cells during the differentiation process 
INTRODUCTION
The endocrine system influences the muscle growth and development throughout life, and hormone excess or deficiency can affect the muscle structure and function 1 . Many studies conducted with animals demonstrate that androgens have positive effects on the increase of muscle mass and strength through androgen receptors (AR) 2 and on the determination of thin body mass 3 . Therefore, the Androgenic Anabolic Steroids (AAS) are frequently used by athletes from several sports, with the objective of improving body mass and performance 4 . The prolonged use 5 of this substance can often cause negative consequences to health, such as changes in reproduction, in the hepatic endocrine function and also in musculoskeletal characteristics 4 . Nandrolone decanoate is a derivative of testosterone, and it is one of the most consumed AAS according to the National Institute on Drug Abuse (NIA) due to its moderate androgenic potential associated to its good anabolic properties. Nandrolone is influenced by the 5 α-reductase enzyme, and it produces a metabolite with low-affinity for the receptor. Therefore, nandrolone itself interacts with the receptors for steroids, and produces relatively greater anabolic responses 6 . Some studies point out that nandrolone decanoate can modulate the regulation of the cell cycle, and, therefore, alter muscle mass, but intramuscular processes are not very clear yet 7, 8 .
The skeletal muscle has the ability to respond to several stimuli, leading to a set of metabolic and morphological adaptations. This excellent capacity of muscle regeneration is attributed to the presence of myogenic precursor cells called Satellite Cells (SC), which are affected by several elements, such as mechanical stimulation, aging and endocrine factors 9 .
It is a known fact that SCs, in an injury situation, are activated and are then called myoblasts. These proliferate, become different and merge, generating myotubes that are attached to a pre-existing fiber, or form a new functional muscle fiber [10] [11] [12] . For that, a complex set of cell responses is activated, which leads to the proper regeneration of the injured tissue and to a well innervated muscle, which is vascularized and has an intact contractile system 13 . Therefore, the process of muscle repair is well described in literature, but its association with the use of anabolic steroids is not very clear.
Thus, due to the high incidence of injuries among athletes, it is essential to know the effects and consequences of the use of anabolic steroids during the process of repair, since its use is frequent to improve the sports performance. Therefore, this study conducted an in vitro assessment of the effect of the nandrolone (Deca-Durabolin ® ), under different concentrations, concerning the viability of muscle satellite cells during the differentiation process.
controles que somente foram induzidas à diferenciação, em todos os parâmetros avaliados. Em conclusão, o anabolizante decanoato de nandrolona, nas concentrações avaliadas, não foi capaz de alterar a viabilidade de células musculares C2C12 durante o processo de diferenciação.
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resumen | Se utilizan los anabolizantes, en particular por atletas con el objetivo de aumentar la masa muscular y mejoría del desempeño. Este estudio tuvo como objetivo evaluar el efecto del anabolizante Deca-Durabolin® sobre la viabilidad (proliferación) de las células satélites musculares C2C12 inducidas a la diferenciación, imitando el proceso de reparación tras una lesión. Las células fueron cultivadas en medio Eagle modificado por Dulbecco (DMEM) suplementado con 10% de suero fetal bovino (SFB) y sometidas a diferenciación mediante la adición de 2% de suero de caballo y, simultáneamente, incubadas con el anabolizante en las concentraciones de 5 , 10 , 25 y 50 µM. En los grupos que no recibieron el anabolizante, ni el vehículo sirvió como controle . La viabilidad (proliferación) se evaluó después de uno, tres y cinco días, utilizando el método de MTT (3 -[4,5 -dimetiltriazol -2 -il ] -2,5 difeniltetrazolio) . Se realizaron tres experimentos independientes, en cada condición citada, y los resultados sometidos al análisis estadístico con nivel de significación de p≤0,05% (ANOVA/ Dunnett). Los resultados permitieron verificar que no hubo diferencia en la viabilidad entre células musculares tratadas con anabolizante e inducidas a diferenciación y culturas de controles que sólo fueron inducidas a diferenciación en todos los parámetros evaluados. En conclusión, el anabolizante decanoato de nandrolona, en las concentraciones evaluadas, no fue capaz de alterar la viabilidad de células musculares C2C12 durante el proceso de diferenciación.
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METHODOLOGY

Cell culture
The C2C12 cell lineage used in this study is a subclone of the C2 myoblast line, which derives from the SC of adult mice, and presents most characteristics of normal muscle cells [14] [15] [16] . Cells were cultivated in the Dulbecco's Modified Eagle Medium (DMEM) (Cultilab, Campinas, SP, Brazil), with 10% fetal bovine serum (FBS) (Cultilab, Campinas, SP, Brazil) and 1% antibiotic-antimycotic solution (Cultilab), being maintained in a 37ºC stove, under a humid atmosphere with 5% of CO 2 . Cell growth was controlled every 24 hours, and when the cell monolayer became subconfluent for the continuation of the cell lineage, subcultivation was performed with PBS1X wash buffer (NaCl 140 mM; KCl 2.5 mM; Na 2 HPO 4 8 mM; KH 2 PO 1.4 mM; pH 7.4) and trypsin solution. Cells were centrifuged at 1,200 rpm and afterwards they were relifted in 1 mL of DMEM. The viability of cells was assessed by counting with Trypan blue vital staining (0.4%). The cells used in the experiments were those with viability higher than 95%. For the induction of differentiation, cells were maintained in DMDM with 2% horse serum 17 .
Cell viability (proliferation) assay (MTT)
Cell viability (proliferation) was assessed one, three and five days after incubation with nandrolone decanoate Deca-Durabolin® (Organon, Brasil) at the final concentrations of 5, 10, 25 and 50 µM (Organon, Brasil) or the drug vehicle (1.5:1 -benzyl alcohol/peanut oil), added in different amounts according to the anabolic concentrations (vehicle 5, 10, 25 and 50 µM, respectively). Together with the treatment with the anabolic steroids, 2% horse serum was added (Invitrogen, Brazil) to the culture for the induction of differentiation of muscle cells 17 . The methodology used to analyze cell viability is based on the ability of the mitochondrial dehydrogenase enzyme, found only in viable cells, in cleavage of the tetrazolium ring of the MTT method (3-[4,5-dimethylthiazol -2-il]-2,5 diphenyltetrazolium) 18, 19 , forming dark-blue formazan crystals, which are impermeable to cell membranes, therefore, they are retained inside the viable cells. The posterior cell lyses releases these formazan salts. The number of viable cells is directly proportional to the level of blue formazan crystals.
For this assay, 1x10 3 cells per well were used and added to the flat culture plates of 96 wells. They were sterile (Costar) and incubated at 37ºC and 5% of C O2 during the different periods of incubation. After the end of the incubation period, wells were washed with PBS1X (NaCl 140 mM; KCl 2.5 mM; Na 2 HPO 4 8 mM; KH 2 PO 1.4 mM; pH 7.4) in order to remove the dead cells, and MTT was added (0.5 µg/mL) (3-(4,5-dimethylthiazol-2-yl)-2,5,-diphenyltetrazolium bromide) (Sigma-Aldrich, St. Louis, MO, USA). Cells were incubated for 4 hours at 37ºC and 5% of CO 2 . Afterwards, isopropyl alcohol was added to solubilize the formed crystals. Finally, absorbance was read at 620 nm with the assistance of a plate reader (Anthos 2020, Anthos Labtec Instruments, Wals, Austria). All of the experiments were conducted three times, independently, and each sample was analyzed four times.
Statistical analysis
Groups were compared by the analysis of variance (ANOVA). The Dunnett's test was used to determine significant differences between experimental groups and the control group. Values of p≤0.05 were considered to be statistically significant. Data were analyzed by the software GraphPad Prism 4.0 (GraphPad Software, San Diego, CA, USA).
RESULTS
According to the results, there was no significant difference in cell viability and proliferation, assessed by the MTT method, between muscle cells treated with anabolic steroids and control cells (Figure 1 ) in all of the evaluated periods. Results for the vehicle were similar to control (data not shown).
Results also demonstrated there has been increased cell viability (proliferation) after three and five days, when compared to the one day period, and that there was no increase in viability (proliferation) between the groups five and three days, which confirms cell differentiation in this period (Figure 1) .
DISCUSSION
In vivo studies demonstrate that the effects of nandrolone decanoate depended on the assessed muscles, time of treatment, dose and association or not with exercises. All of these were able to cause increased muscle mass 8, [20] [21] [22] , alterations in the cell cycle 7 , bone mineral density 23 , bone growth 24 , and the ARs influence these effects 8, 25 . The question is if there is interference of nandrolone decanoate on viability (proliferation) of muscle cells and muscle repair.
In response to AAS, there is increasing intracellular calcium (Ca 2+ ) in a series of cell types, including osteoblasts, platelets, muscle cells, heart myocytes and neurons. In heart cells, for instance, testosterone promotes heart hypertrophy; as to neurons, depending on the concentration, testosterone can cause neuronal apoptosis 26 . Kamanga-Sollo et al. 27 studied the culture of Bovine Satellite Cells (BSC) treated with androgens and observed that the treatment of BSC cultures increased mRNA IGF-I expression and proliferation, thus establishing that steroids have direct anabolic effects. Sculthorp et al. 28 investigated the IGF-1 and the mRNA IGF-1 expressions, maintaining the IGF-I as a central mediator in cell pathways associated with muscle hypertrophy. This shows the relationship of androgens with muscle growth and differentiation. However, in these findings, nandrolone decanoate did not change the proliferation of muscle cells in differentiation process.
Diel et al. 1 showed that the essential differentiation mechanisms are modulated by androgens, and that they stimulate the proliferation of C2C12 cells, accelerate the differentiation process for myotubes and stimulate myostatin expression in non-differentiated and differentiated cells. However, they used the induction of differentiation with 3% horse serum and another type of anabolic steroid, the dihydrotestosterone (DHT), by assessing the activity of CK and the proliferation after one, three and six days, which is different from this study and makes it difficult to compare the results.
Nogueira et al. 29 assessed the effect of nandrolone decanoate over osteoblasts after irradiation with low potency laser and showed reduced viability (proliferation) in concentrations of 10, 25 and 50 µM, as well as increased adhesion after 60 minutes in contractions of 5, 10 and 25 µM; however, the combined effect of these therapies and the different cell types do not allow the direct comparison with the findings in this study, but it demonstrates the regulating role of this steroid over cell proliferation.
CONCLUSION
The anabolic steroid nandrolone decanoate (DecaDurabolin®), with the used concentrations, was not able to change the viability of muscle cells during the in vitro differentiation process. New studies are necessary to better understand other possible effects of nandrolone decanoate over these cells, such as the regulation of myogenic regulatory factors involved in the proliferation and differentiation processes. This knowledge will assist the understanding of how anabolic steroids can influence the muscle repair process, especially with regard to individuals who use this type of substance. 
